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TISMi METERED DOSE ATQMTSTWn ^ ND DELTWPY pp Yjrpi 

The present invention relates to a metered dose atomising 
and delivery device, notably one in which a dose of 
5 medicament is atomised by the velocity gradient within a 
flow of fluid having an annular flow. 



10 



15 



Many forms of device exist for dispensing powders or fluids 
as sprays. Many of those devices utilise a pressurised 
propel lant to discharge the powder or fluid through a spray 
nozzle aperture. However, the use of CFC and liquefied gas 
propellants is becoming increasingly unacceptable from 
environmental aspects and alternative methods for forming 
powder or liquid sprays are being saught. This is 
particularly important where the fluid is a medicament where 
the medicament is not readily soluble in the propellants 
used hitherto and the use of co-solvents may introduce 
20 secondary components into the medicament composition which 
are undesirable. 

It has been proposed to subject a fluid to a sudden increase 
in pressure which has been generated mechanically and to 
eject the pressurised fluid through a very small nozzle 
aperture to form a spray. However, this requires that the 
fluid be substantially free from solid particles and/or that 
the fluid be filtered upstream of the nozzle orifice. 
Problems of nozzle blockage may thus arise and limit the 
utility of this method for atomising the fluid. 



25 



30 



We have now found that the velocity differential within a 
flow can be used to generate sufficient shear forces within 
the flow to cause the flow to break up into a fine particle 
35 sized spray without the n ed for a very fine nozzle orifice. 
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By suitable sel ction of the operating paramet rs of th 
spray device, it is possible to achieve sprays with a mass 
median particle size of less than 12 micrometres, which is 
the size required for administration of medicaraants via 
5 inhalation into the lung of a user, since the need for a 
fine nozzle orifice to achieve such fine particle sized 
sprays may be avoided, the present invention reduces the 
problems of nozzle blockage with the earlier proposal. 

10 SUMMRRY OF THE INVENTION; 

Accordingly, the present invention provides a method for 
forming a flow of fluid into a spray of fine particle size, 
notably one with a mass median particle size less than 12 

15 micrometres, which method is characterised in that the flow 
is caused to adopt an annular flow through a duct and in 
that the velocity gradient within that flow is sufficient to 
cause shear between components of the flow to break the flow 
up into a spray, preferably without the need to use a fine 

20 nozzle aperture to atomise the flow. 

The term annular flow as used herein denotes a flow having 
substantially concentric annular zones flowing parallel to 
one another, but with the axial flow velocity increasing 
25 towards the radially innermost zone. Alternatively, the 
flow velocity can increase towards the radially outward 
zone. For convenience, the invention will be described 
hereinafter in terms of a flow whose velocity increases 
towards the centre. 

30 

The velocity gradient represents the increase in velocity 
from one zone to the next and will be a positive gradient 
towards the centre or longitudinal axis of the duct in which 
the fluid flows. The velocity gradient may increase 
35 progressively so that th zones effectively have no sharp 
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boundary or interface between one another. However, it is 
within the scope of the present invention for the gradient 
to increase stepwise, for example at the interface between 
two phases of the flow, as when a gas flows through a static 
5 measured dose of a powder or fluid to entrain the powder or 
fluid, or when one fluid flows as a faster stream within a 
sheath of a slower flowing other fluid, the atomisation 
being due to the shear action of the velocity differential 
between the gas flow and the static material or the two 
10 fluid flows at the interface between them. Typically, the 
velocity differential between the radially inward and 
outward components of the flow will be at least 250 to 350 
metres per second. 

15 The shear forces due to the velocity differential which are 
required to form a flow into a spray will depend upon a 
number of factors: for example the viscosity and surface 
tension of the fluid; the pressure drop to which the flow is 
subjected and the hydraulic diameter of the duct through 

20 which the fluid flows; and the particle size required in the 
spray to be produced. 



The fluid can be a gas or a liquid and the flow can be 
substantially homogeneous, as when an aqueous solution of a 

25 medicament is passed through a duct; or can be composed of 
different phases, as when a gas is used to spray a dose of 
a fluid or powdered medicament. Thus, the viscosity and 
surface tension of the fluid can vary over very wide ranges. 
Where a homogeneous fluid is used, it will usually be 

30 preferred that this be an aqueous solution so that the 
viscosity and surface tension of the fluid typically be 
similar to that of water, eg. within the ranges 0.75 to 10 
Cps at 25«c and 30 to 80 dynes per cm at 25"c, where a 
multi-phase fluid is used, the fast flowing fluid is 

35 preferably a gas, notably a pulse of pressurised air, and 
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th other phase is provided by a measured dose of a fluid or 
powdered medicament through which the gas stream is 
directed • 

5 The optimum flow velocity differential will also depend upon 
the pressure drop to which the fluid is exposed as it flows 
through the duct, in that the higher the pressure drop, the 
larger the hydraulic diameter which can be used to achieve 
a given droplet size range spray* The term hydraulic 

10 diameter is used herein to denote the cross-sectional area 
of the duct divided by the one quarter of the circumference 
of the duct. In the case of a circular cross-section duct, 
the hydraulic diameter will be the same as the actual 
diameter. The volume of fluid required to be atomised at 

15 each operation of the atomising device will also affect the 
pressure and hydraulic diameter selected. 

For example, ^ere it is desired to form a spray of an 
aqueous solution with a mass median droplet size less than 

20 12 micrometres, we prefer to operate the method of the 
invention with an hydraulic diameter in the range 1 to 1000, 
.eg. 5 to 100, inicrometres at a pressure differential of from 
150 to 500 bar, preferably 200 to 400 bar. However, where 
a non-homogeneous flow is used so that an interface is 

25 formed at which the shear forces act, the pressure 
differential required to atomise the outer layer of the flow 
may be as low as from 5 to 50 bar, for example from 6 to 15 
bar in the case of a powder which is atomised by a gas flow, 
and the hydraulic diameter of the duct may be from 500 to 

30 2000, preferably from 500 to 1000, micrometres. The optimum 
pressure drop and hydraulic diameter can readily be 
determined in any given case by simple trial and error 
tests. 

35 Specifically, in th case where an air str am is used to 
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atomise a dose of a fluid or powd r, we have found that 
satisfactory atomisation can be achieved with a surprisingly 
smaller amount of the gas flow than with a conventional 
nebuliser or other means and with a low pressure drop. 
5 Typically, the volume of the gas stream required is less 
than 5%, typically about 1 to 2% of that required in a 
nebuliser, thus enabling the method of the invention to be 
operated in hand portable devices. The volume of the air 
stream at ambient temperature and pressure is typically from 
10 100 to 1500 times the volume of the fluid or powder to be 
atomised . 

The atomisation of the fluid flow can be achieved in a 
tubular duct,, in which case the spray is usually formed at 

15 the open end of the duct as the flow exits the duct. The 
duct is typically the outlet tube to a pressure generating 
device, for example pressurised gas container or a spring 
loaded gas or fluid pump, notably one which is held in the 
cocked state against the action of a compression spring by 

20 a trigger or latch mechanism. The duct can be a smooth 
walled duct and the length of the duct can be selected over 
a wide range provided that the length of the duct does not 
affect the formation of the annular flow by imposing 
excessive frictional forces at the outer layers of the flow 

25 in contact with the duct wall, if desired, the bore of the 
duct can taper so as to accelerate the flow as it passes 
along the duct to enhance the atomisation when the flow 
exits the open end of the duct. 

30 However, it may be preferred to atomise the flow by passing 
it through a restricted nozzle orifice at the outlet end to 
a broader diameter duct, the nozzle aperture having a 
hydraulic diameter in the range specified above and the duct 
having a greater hydraulic diameter. 

35 
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The cross-sectional shape of the bore of the duct or of the 
nozzle aperture is preferably circular, but other cross- 
section shapes, for example an irregular cross-section or a 
polygonal cross-section may be used if desired • If desired, 
5 several ducts or nozzles may be used to form a more 
broadcast spray pattern and/or to increase the volume output 
from a given device, in which case each duct or nozzle 
aperture preferably has the same hydraulic diameter to 
provide a substantially even spread of the spray pattern. 
10 Where a nozzle aperture is used, it is preferred that any 
changes in the diameter of the duct or tube feeding the flow 
of material to the nozzle aperture be decreases in the 
hydraulic diameter and not increases. 

15 Where the fluid is a liquid, the method of the invention 
provides a simple method by which the fluid can be atomised 
into fine droplet sized sprays without the need for a nozzle 
orifice and thus reduces the cost and complexity of the 
atomizing devices required and the risk of nozzle orifice 

20 blockage. The required dose of such a fluid to be dispensed 
can be achieved by any suitable means, for example by 
sucking the required dose into the cylinder of a spring 
loaded pump which generates the required high pressure and 
hence flow velocity differentials when the pump mechanism is 

25 released and the fluid ejected through a smooth walled duct. 
Mternatively, the dose of fluid can be achieved by feeding 
a dose of fluid into an atomisation chamber by injecting the 
required dose by any suitable mechanism or by a suitable 
invert and fill dosage mechanism. 

30 

Alternatively, notably when a dose of a powder is to be 
dispensed, the dose can be achieved by mounting a cartridge 
or other container containing the required amount of fluid 
or powder upon th outlet to the pximp mechanism or other 
35 pressurised gas generator, and releasing th pulse of 
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10 



15 



pressurised air or gas through the cartridge or contain r. 
such a cartridge can be formed as a disposable item so that 
each operation of the pressure generating device requires a 
new cartridge, thus ensuring accuracy of dosage and 
minimising the risk of any blockage of the outlet tube which 
is carrier by the cartridge and hence is replaced with the 
cartridge. 

AS indicated above, the fluid or powder to be atomised is 
preferably a medicament and the invention provides a process 
for dispensing a medicament which comprises atomising a flow 
containing the medicament using the method of the invention. 

DESCRIPTION OF TWR npawywr,. 



To aid understanding of the invention, a preferred form 
thereof will now be described by way of illustration only 
with respect to the accompanying drawings, in which Figure 
1 is a diagrammatic axial cross-section through a device for 
20 dispensing a measured dose of a powdered or fluid 
medicament; and Figure 2 is a diagrammatic axial cross- 
section through an alternative form of the device of Figure 
1. 

25 PESCRIPTION OF THR PPB fERRED EMROn7^p ; |J>^ . 

A piston 11 is located in a cylinder 12 and loaded by a 
spring 13. The piston li is connected by an axial rod 14 to 
a handle 17 which allows the piston 11 to be pulled back 

30 against the bias of spring 13. As the piston 11 is 
withdrawn in cylinder 12, it sucks air at ambient pressure 
into the headspace above the piston li in cylinder 12 via 
port in the wall of the cylinder provided with a non return 
valve 20. A latch or other det nt mechanism (not shown) 

35 acting on handl 17 or rod 14 r tains piston 11 in the fully 
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retracted position against the bias of spring 13^ ie. in the 
loaded position. When the detent is released, piston 11 
moves axially within cylinder 12 to pressurise the air in 
the cylinder 12 to a pre-detennined value dependant on the 
5 spring 13 and piston 11 diameter. 

An aerosol valve of the conventional female kind is located 
at the outlet to cylinder 12 and comprises a body 30, a 
spring 31, a stem 32, a stem holder 33 and a gasket 36. An 
10 actuator 40 is mounted above stem 32 and a retaining ring 41 
holds said gasket 36 in position. 

A predetermined dose of liquid or powdered drug 50 is stored 
within the stem 32 and this is forced out of the stem and 
15 atomised when said actuator 40 is depressed, allowing the 
pressurised gas in cylinder 12 to flow into passageway 52 
via orifice 53. The orifice 53 is sized to control the flow 
of air into the stem. 

20 When depressed by actuator 40, stem 32 depresses stem holder 
33 breaking contact between said holder 33 and seal 36 
allowing gas to enter the base of stem 32 and flow through 
the stored drug 50. By arranging that the volume of air at 
atmospheric pressure is larger than the volume of liquid 

25 drug, siabstantially annular flow will be set up within stem 
32 atomising the liquid as the gas passes up said stem 32 
and actuator 40. 

In the case where drug 50 is a powder, the annular flow 
30 reduces the risk of blockage of the stem bore. 

Preferably the ratio of the volume of gas at atmospheric 
pressure to the volume of liquid drug is greater than 100:1 
and preferably between 500:1 and 1500:1. In th case of the 
35 powder d drug this ratio can b less than 100:1. 
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Preferably, the stem 32 with drug 50 and actuator 40 are 
formed as a detachable unit which can be replaced after each 
use. In this way, a clean stem and actuator are used for 
every dose, minimising blockage and contamination. The exit 
5 orifice 41 of actuator 40 and the bottom of stem 32 are 
preferably each sealed with a transverse membrane which is 
punctured before use. 



10 



To help co-ordination of the operation of the device with 
the breathing in of the user, the actuator 40 could be 
spring loaded and actuated by a predetermined amount of air 
flow into lungs set up when the user breathes in. Thus as 
shown in Figure 2, a body 80 is secured to the cylinder 12 
by a snap fit lug Bl. a spring 83 is located within said 
15 body 80 and exerts a force on the actuator 40 which is 
prevented from moving by a catch 85, which forms part of a 
flap 86 hinged at point 87 which when in the ready position 
blocks off an air passageway 88. A mouthpiece 90 is formed 
within body 80. 

20 

When the patient sucks in through mouthpiece go, the 
pressure drops to below atmospheric within body 80 and the 
difference between atmospheric pressure and the pressure 
within body 80 causes the flap 86 to move, opening the air 
25 passageway 88 to allow air into the mouth through the 
mouthpiece 90 and releasing catch 85 and allowing spring 83 
to push actuator 40 down, activating the device and 
atomising the drug. 



30 



35 
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CLAIMS; 

1. A method for forming a flow of a fluid into a spray of 
fine particle size, which method is characterised in that 
5 the flow is caused to adopt an annular flow through a duct 
and in that the velocity gradient within that flow is 
sufficient to cause shear between components of the flow to 
break the flow up into a spray. 

10 2. A method as claimed in claim 1, characterised in that 
the flow is a non -homogeneous flow and the shear occurs at 
the interface between the phases. 

3. A method as claimed in either of claims l or 2, 
15 characterised in that one phase is a stream of gas and the 

other phase is a measured dose of a liquid or particulate 
solid. 

4. A method as claimed in claim 1, characterised in that 
20 the flow is a substantially homogeneous flow of a liquid. 

5 . A method as claimed in any one of the preceding claims , 
characterised in that the velocity differential between the 
radially inward and external components of the flow is at 

25 least 250 metres per second. 

6. A method as claimed in any one of claims 1 to 3, 
characterised in that the pressure differential along the 
duct is from 5 to 50 bar and the hydraulic diameter of the 

30 duct is from 500 to 2000 micrometres. 

7. A method as claimed in claim 6, characterised in that 
the ratio of voliime of the gas flow to the volume of the 
solid or liquid to b atomised is from 100:1 to 1000:1. 



35 
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8. A in thod as claimed in claim A, characterised in that 
the pr ssur differential along the flow is from 150 to 500 
bar and the hydraulic diameter of the duct is from 5 to 100 
micrometres . 

5 

9 . A method as claimed in any one of the preceding claims , 
characterised in that the flow is generated by a pressurised 
gas container or by a pump mechanism which ejects a 
component of the flow through a tubular duct. 

10 

10. A method as claimed in any one of the preceding claims, 
characterised in that the flow contains a medicament. 

11. A method as claimed in claim 10, characterised in that 
15 the flow is atomised to a mass median particle size less 

than 12 micrometres. 

12. A method as claimed in any one of the preceding claims, 
characterised in that the duct is provided with a nozzle 

20 aperture outlet having a smaller hydraulic diameter than the 
hydraulic diameter of the duct. 



25 



30 

4 



35 
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